Six sites were drilled in the South Atlantic on DSDP Leg 73. The sediment recovered ranges in age from Late Cretaceous to Pleistocene. Five sites (519-523) were drilled on the Mid-Atlantic Ridge on Tertiary magnetic anomalies. One site (524) was drilled on the Walvis Ridge on Upper Cretaceous crust. Paleontologic dates agree well with magnetostratigraphic dates at the sites drilled on the Mid-Atlantic Ridge. As on Leg 3, a Braarudosphaera chalk is found at Sites 522 and 523 in the Oligocene. At the Walvis Ridge site, Site 524, a continuous section across the Cretaceous/Tertiary boundary was cored. Evidence suggests that the Cretaceous forms found mixed with Danian forms immediately above the boundary are in situ and not reworked.
INTRODUCTION
In total, 1000 samples were recovered from six sites that were drilled in the South Atlantic on DSDP Leg 73. The samples were examined for calcareous nannofossils for the purpose of making biostratigraphic age determinations. All samples were studied by light microscopy. The sediments ranged in age from Late Cretaceous to Pleistocene, and almost all contained a very abundant, moderately well preserved nannoflora. Tables 1 to 12 contain the species distribution for each sample and the nannofossil zonation recognized at each site. In the preservation code used in the tables, P = poor, F = fair, and G = good. All frequencies are estimated. The total flora frequencies are as follows: VR (very rare) = 1-4, R (rare) = 5-10, F (frequent) = 11-30, C (common) = 31-50, A (abundant) = 51-100, and VA (very abundant) = > 100. The individual species frequencies are as follows: VR (very rare) = 1-2, R (rare) = 3-5, F (frequent) = 6-10, C (common) = 11-25, A (abundant) = 26-50, and VA (very abundant) = >50.
In the discussion below, the information that resulted from the examination of the samples is presented from two different perspectives. First it is organized by calcareous nannofossil zone, with the oldest zones discussed first. Then it is organized by hole and sediment age, with the oldest sediments discussed last.
Holes 522 and 523. The author uses the species ranges of Martini (1971) and Bukry (1973) .
At times the marker species used by Martini (1971) to define a particular zone are absent. Under these circumstances the author used secondary species to mark a zone, although the range of a secondary species may not be exactly the same as that of the primary species. Zones defined by secondary species are indicated by an asterisk. In the tables one may also find (for example) Zone NN11, followed by NN10/11, finally followed by NN10. In Zone NN10/11 in this sequence, the NN11 marker species is absent but a secondary species is present. Further, neither the marker species for Zone NN10 nor a secondary species is present; therefore, one cannot locate the top of NN10 strictly.
Markalius astroporus Zone, NP1* Definition. Interval from the last occurrence of Cretaceous species to the first occurrence of Cruciplacolithus edwardsii.
Remarks. Herein, this zone is defined as the first occurrence of Zygodiscus sigmoides to the first occurrence of Cruciplacolithus edwardsii and Coccolithus pelagicus at Hole 524. The first occurrence of Z. sigmoides is used because of the abundance of Late Cretaceous species with an abundance of typical Danian forms, such as Markalius astroporus, Thoracosphaera operculata, Neochiastozygus concinnus, and Biantholithus sparsus. Thierstein and Okada (1979) attributed a similar occurrence to benthic mixing. Cruciplacolithus edwardsii is in part a junior synonym of C. tenuis (Romein, 1979) .
Cruciplacolithus edwardsii Zone, NP2
Definition. Interval from the first occurrence of Cruciplacolithus edwardsii to the first occurrence of Chiasmolithus danicus.
Remarks. As at Hole 524, this zone is identified as the interval from the first occurrence of Cruciplacolithus edwardsii and Coccolithus pelagicus to the first occurrence of Chiasmolithus danicus.
Chiasmolithus danicus Zone, NP3 Definition. Interval from the first occurrence of Chiasmolithus danicus to the first occurrence of Ellipsolithus macellus.
Remarks. The above definition is followed in the identification of the zone at Hole 524.
Ellipsolithus macellus Zone, NP4
Definition. Interval from the first occurrence of Ellipsolithus macellus to the first occurrence of Fasciculithus tympaniformis.
Remarks. The primary guide species are used to recognize this zone at Hole 524.
Fasciculithus tympaniformis Zone, NP5
Definition. Interval from the first occurrence of Fasciculithus tympaniformis to the first occurrence of Heliolithus kleinpellii.
Remarks. At Hole 524 the above zonal definition is followed.
Heüolithus kleinpellii Zone, NP6
Definition. Interval from the first occurrence of Heliolithus kleinpellii to the first occurrence of Discoaster mohleri.
Remarks. Both of the above species occur in their anticipated order at Hole 524.
Discoaster mohleri Zone, NP7* Definition. Interval from the first occurrence of Discoaster mohleri to the first occurrence of Heliolithus riedeli.
Remarks. Since Heliolithus riedeli is absent at Hole 524, the extinction datum of Heliolithus kleinpellii is used to approximate the upper boundary. The lower boundary is placed at the first occurrence of Discoaster mohleri.
Heliolithus riedeli Zone, NP8* Definition. Interval from the first occurrence of Heliolithus riedeli to the first occurrence of Discoaster multiradiatus.
Remarks. As stated previously, Heliolithus riedeli is absent at Hole 524; therefore, the horizon at the extinction datum of Heliolithus kleinpellii is chosen to be the lower boundary. The upper boundary is delineated by the first appearance of Discoaster multiradiatus.
SITE SUMMARIES
Six sites were drilled on DSDP Leg 73. More than one hole was drilled at some sites. Five of the sites drilled were on the Mid-Atlantic Ridge and one site drilled was on the Walvis Ridge. Each hole is discussed separately below.
Hole 519
Hole 519 was drilled on the Mid-Atlantic Ridge at 26°08.20'S, 11°39.97'W in 3769 m of water. Thirty-six hydraulic piston cores were taken in 151.5 m of sediment, and one was taken in basement. All sediment cores contain a moderately well to well preserved, very abundant calcareous nannoflora. Sediments range in age from Pleistocene to late Miocene. The hole is located on a negative magnetic anomaly between Anoma-lies 5 and 5A. The assumed age is 9.8 m.y. The oldest calcareous nannofossil zone recovered is the NNIO Discoaster calcaris Zone*, if the first occurrences of the Catinaster spp. in this hole are not synchronous with their first occurrences in the Pacific. Such an interpretation would render the biostratigraphy in general agreement with the previously established magnetostratigraphy. An alternative interpretation assuming synchroneity of the first occurrences of the Catinaster spp. is discussed in the synthesis chapter (Hsü, Percival, et al., this vol.) . Extensive slumping occurred at this site, so that the first 20 cores are stratigraphically mixed. The calcareous nannoflora of Pleistocene, Pliocene, and late Miocene age is mixed. Table 1 shows the stratigraphic distribution of calcareous nannofossils at Hole 519.
Pleistocene
The upper part of Section 519-1-1 contains an abundance of Emiliania huxleyi, which restricts it to the NN21 E. huxleyi Zone. The interval from the lower part of Section 519-1-1 to Section 519-2-3 represents the NN20 Gephyrocapsa oceanica Zone. This zone is recognized by the absence of both E. huxleyi and Pseudoemiliania lacunosa. The interval from Sample 519-2,CC to Section 519-11-1 contains P. lacunosa, which is the marker species for the NN19 P. lacunosa Zone. This interval also contains slumped sediments that can be assigned to Zones NN16, NN13, and NN11/12.
Pliocene
The interval from Section 519-11-2 to 519-12-2 is interpreted to be the NN18 Discoaster brouweri Zone. D. brouweri and D. triradiatus are abundant in this interval. A thin NN17 D. pentaradiatus Zone is found at Section 519-12-3, as indicated by the presence of the nominate species. From Sample 519-12,CC to Section 519-18-2, the NN16 D. surculus Zone is encountered. D. surculus, D. pentaradiatus, and D. brouweri are very abundant throughout this interval. In the middle of this interval the extinction datum of D. asymmetricus and D. tamalis occurs. Again, there is mixing of upper Miocene (NN11/12) sediments. The top of the early Pliocene NN15 Reticulofenestra pseudoumbilica Zone is found at Section 519-18-3, on the basis of the last occurrence of/?, pseudoumbilica. This zone covers the interval from Section 519-18-3 to 519-21-2. D. tamalis has its first appearance within Section 519-19-2. The NN14 D. asymmetricus Zone is defined as the interval from the first occurrence of D. asymmetricus to the last occurrence of Amaurolithus tricorniculatus. These events indicate the zone that covers the interval from Section 519-21-3 to Sample 519-23,CC. From Section 519-24-1 to Sample 519-26,CC Ceratolithus rugosus is found without D. asymmetricus, which indicates the NN13 C. rugosus Zone. The absence of C. rugosus and A amplificus from Section 519-27-1 to 519-28-1 suggests that the upper part of the NN12 A. tricorniculatus Zone, which is basal Pliocene, is present.
Miocene
The Miocene/Pliocene boundary is placed at the extinction datum of Amaurolithus amplificus. The inter-val from Section 519-28-2 to 519-29-2 is assigned to the NN11 Discoaster quinqueramus/Wi\2 A. tricorniculatus Zone* on the basis of the total range of A. amplificus. D. quinqueramus, the NN11 marker species, is very rare within Section 519-29-2. The first occurrence of A. primus and A. delicatus, as seen in Sample 519-29,CC, occurs in the middle of NN11. The interval from Section 519-30-1 to 519-33-1 belongs to the NNIO D. calcaris/ NN11 D. quinqueramus Zone* undifferentiated. This assignment is suggested by the absence of Catinaster calyculus and D. prepentaradiatus. The concurrence of the latter two species marks the top of the NNIO Zone* at Section 519-33-2. The interval from Section 519-33-2 to Sample 519-36,CC belongs to the NNIO D. calcaris Zone* since D. hamatus, the NN9 D. hamatus Zone marker species, was not found. The first occurrence of C. calyculus may be latitudinally controlled here; it normally first appears within the NN8 C. coalitus Zone of middle Miocene age.
Hole 519A
Hole 519A was drilled on the Mid-Atlantic Ridge at 26°08.20'S, 11°39.97 / W in 3769 m of water. Four rotary cores were taken intermittently in 150.5 m of sediments, and two were taken in basalt. Calcareous nannofossils are very abundant and moderately well to well preserved. Sediments range in age from Pliocene to late Miocene. Extensive slumping occurred at the hole; the four cores studied contain a mixed Pliocene and late Miocene nannoflora. Table 2 shows the stratigraphic distribution of the calcareous nannofossils at Hole 519A.
Pliocene
The NN16 Discoaster surculus/NN15 Reticulofenestra pseudoumbilica Zone boundary occurs between Sample 519A-1,CC and Section 519A-2-1. This boundary is recognized by the last occurrence of R. pseudoumbilica. Immediately below Section 519A-2-1 the sediments are slumped, and a mixed late Miocene and Pliocene nannoflora is visible.
Hole 520
Hole 520 was drilled on the Mid-Atlantic Ridge at 25°31.40'S, 11°11.14'W in 4217 m of water. Thirtyone rotary cores were taken in 449 m of sediment. The Pleistocene and Pliocene sections were spot cored and the Miocene was continuously cored. The sediments range in age from Pleistocene to middle Miocene. The hole is located on the younger boundary of Anomaly 5B (Epoch 15). The oldest calcareous nannofossil zone recovered is the NN5 Sphenolithus heteromorphus Zone*, which correlates with Anomaly 5B or Epoch 15. Table 3 shows the stratigraphic distribution of the calcareous nannofossils at Hole 520.
Pleistocene
In the interval from Sample 520-1,CC to 520-2,CC the NN19 Pseudoemiliania lacunosa Zone is present. P. lacunosa is very abundant, and Discoaster brouweri is absent.
Pliocene
The top of Core 3 is assigned to the NN16 Discoaster surculus Zone on the basis of the occurrence of D. brouweri, D. pentaradiatus, and D. surculus. The bottom of Core 4 is interpreted to be the early Pliocene NN15 Reticulofenestra pseudoumbilica Zone. R. pseudoumbilica is present. The NN14 D. asymmetricus Zone occurs from Section 520-5-1 to Sample 520-6,CC, as indicated by the concurrence of Amaurolithus tricorniculatus and D. asymmetricus.
Miocene
The next zone encountered is the NN12 Amaurolithus tricorniculatus Zone*, which is in the upper part of Section 520-8-2. It is recognized by the absence of Ceratolithus rugosus and Discoaster quinqueramus. This section is placed in the lower part of NN12, as indicated by the presence of A. amplificus. The interval from the lower part of Section 520-8-2 to Section 520-26-2 is placed in the NN11 D. quinqueramus Zone. The total range of D. quinqueramus defines this zone. The absence of D. quinqueramus and Catinaster calyculus correlates to the interval from Sample 520-26,CC to 520-29-1, 10-11 cm; that is, to the NNlOiλ calcaris Zone*. The interval from Sample 520-29-1, 20-21 cm to 520-29-1, 110-111 cm is interpreted as the NN8 C. coalitus/ NN10 D. calcaris Zone* undifferentiated on the basis of the occurrence of C. calyculus and C. coalitus. The interval from Sample 520-29-1, 120-121 cm to 520-29-1, 138-139 cm represents the NN7 D. kugleri/NNS C. coalitus Zone* undifferentiated because of the absence of D. kugleri and C. coalitus. D. kugleri is present in the interval from Sample 520-29-1, 140-141 cm to 520-29-1, 149-150 cm. This interval is interpreted to belong to the NN7 D. kugleri Zone*. The NN6 D. exilis Zone* is recr ognized by the occurrence of D. deflandrei between Sample 520-29-2,0 cm and 520-29-2,49-50 cm. The NN5 Sphenolithus heteromorphus Zone occurs from Sample 520-29-2, 60-62 cm to 520-30-1, 50-51 cm on the basis of the occurrence of S. heteromorphus. The base of this zone was not reached.
Hole 521
Hole 521 was drilled on the Mid-Atlantic Ridge at 26°04.45'S, 10°15.87'W in 4141 m of water. Twentyone hydraulic piston cores were taken continuously in 84 m of sediment to basement. Almost all samples contain a very abundant, moderately well to well preserved calcareous nannoflora. However, the last five cores contain a poorly preserved nannoflora. The sediments range in age from Pleistocene to middle Miocene. The hole was located on Anomaly 5C (Epoch 16), with an assumed age of 17 m.y. The oldest nannofossil zone recognized is the NN4 Helicosphaera ampliaperta Zone*, which correlates with Epoch 16. Table 4 shows the stratigraphic distribution of the calcareous nannofossils at Hole 521.
Pleistocene
The sample from Section 521-1-1 represents the NN20 Gephyrocapsa oceanica Zone, as indicated by the absence of both Emiliania huxleyi and Pseudoemiliania lacunosa. The interval from Section 521-1-2 to 521-4-1 is assigned to the NN19 P. lacunosa Zone. The nominate species is very abundant in this interval.
Pliocene
Discoaster brouweri is very abundant from Section 521-4-2 to 521-5-2 and is indicated as the NN18 D. brouweri Zone. The top of the next zone, the NN17 D. pentaradiatus Zone, is characterized by the last occurrence of D. pentaradiatus, as seen in Section 521-5-3. The NN16 D. surculus Zone is present from Sample 521-5,CC to Section 521-9-2, where D. surculus Zone is very abundant. D. tamalis and D. asymmetricus have their extinction near the top of Section 521-6-3. The interval from Section 521-9-3 to 521-10-2 is assigned to the NN14 D. asymmetricus/NN15 Reticulofenestra pseudoumbilica Zone* undifferentiated because the NN14/ NN15 boundary species Amaurolithus tricorniculatus is so rare. R. pseudoumbilica and D. asymmetricus are also present in this interval. The absence of the latter species and the presence of Ceratolithus rugosus defines the NN13 C. rugosus Zone for the interval from Section 521-10-3 to 521-11-2.
Miocene
Amaurolithus amplificus defines the lower (Miocene) part of the NN12 A. tricorniculatus Zone, which spans the interval from Section 521-11-2 to 521-11-3. Sample 521-11,CC correlates with the NN11 Discoaster quinqueramus Zone* on the basis of the occurrence of D. quinqueramus. The interval from Section 521-12-1 to Sample 521-13,CC represents the NN11 Zone*, which is characterized by the presence of D. surculus and absence of Catinaster calyculus. The NN8 C. coalitus/ NN10 D. calcaris Zone* undifferentiated is identified from Section 521-14-1 to Sample 521-14,CC by the presence of C. calyculus and C. coalitus. The last occurrence of D. deflandrei characterizes the top of the NN6 D. exilis Zone*. This zone occurs from Section 521-16-1 to Sample 521-16,CC. The NN5 Sphenolithus heteromorphus Zone* is found from Section 521-17-1 to 521-20-3. S. heteromorphus is abundant throughout this interval. Samples 521-20,CC and 521-21,CC represent the NN4 Helicosphaera ampliaperta Zone*, as indicated by the last occurrence of H. euphratis. The base of this zone was not reached.
Hole 521A
Hole 521A was drilled on the Mid-Atlantic Ridge at 26°04.54'S, 10°15.59'W (southeast of Hole 521) in 4125 m of water. Seventeen hydraulic piston cores were taken continuously in 71.1 m of sediment. All sediments except the bottom six cores contain a very abundant, moderately well preserved calcareous nannoflora. The bottom six cores contain a very abundant, poorly preserved nannoflora. Sediments range in age from Pleistocene to middle Miocene. This hole was located on Anomaly 5C. As at Hole 521, the calcareous nannofossil zone (NN4 Helicosphaera ampliaperta Zone) agrees with the paleomagnetic stratigraphy. Table 5 shows the stratigraphic distribution of the calcareous nannofossils at Hole 521 A. Only core-catcher samples were examined by the author, but a detailed shore-based study was carried out by von Salis (this vol.).
Pleistocene
The interval from Sample 521A-1,CC to 521A-3,CC represents the NN19 Pseudoemiliania lacunosa Zone, as indicated by the abundant occurrence of P. lacunosa.
Pliocene
The NN17 Discoaster pentaradiatus Zone occurs in Sample 521A-5,CC, where the nominate species is common. The interval from Sample 521A-6,CC to 521A-7,CC is assigned to the NN16 D. surculus Zone. The top of this zone is recognized by the last occurrence of D. surculus. In Sample 521A-8,CC, the early Pliocene NN14D. asymmetricus/NN15 Reticulofenestra pseudoumbilica Zone* undifferentiated was found. The sample contains diagnostic species, such as R. pseudoumbilica and D. asymmetricus but lacks Amaurolithus tricorniculatus, the NN14/NN15 boundary species. The NN13 Ceratolithus rugosus Zone was found in Sample 521A-9,CC. C. rugosus occurs frequently, and the NN14 marker species, D. asymmetricus, is absent.
Miocene
The Miocene/Pliocene boundary is placed at the extinction of Amaurolithus amplificus in the NN12 A. tricorniculatus Zone*, which occurs in Sample 521A-10,CC. The NN10 Discoaster calcaris Zone*, which occurs in Sample 521A-11,CC, is characterized by the absence of D. quinqueramus. Sample 521 A-12,CC correlates with the NN9 D. hamatus/NNIO D. calcaris Zone* undifferentiated on the basis of the occurrence of D. prepentaradiatus. Sphenolithus heteromorphus, the species used for the top of the NN5 S. heteromorphus Zone*, is present in the core-catcher samples from Cores 13 to 16. Sample 521A-17,CC contains Helicosphaera euphratis, which is the secondary index species for the NN4 H. ampliaperta Zone*.
Hole 522
Hole 522 was drilled on the Mid-Atlantic Ridge at 24°06.843'S, 05°07.784' W in 4441 m of water. Thirtynine hydraulic piston cores were taken continuously in 148.7 m of sediment. Basement was not reached. Samples from Cores 1 to 12 contain a moderately well to well preserved, very abundant calcareous nannoflora. Cores 13 through 39 contain poorly preserved nannofossils. Sediments range in age from Pleistocene to late Eocene. The hole was located on Anomaly 16. The oldest calcareous nannofossil zone recognized was the NP20 Sphenolithus pseudoradians Zone, which is in agreement with Anomaly 16. Two Braarudosphaera chalk horizons found at this site are assigned to the NP23 5. predistentus Zone. Some Pliocene mixing with Pleistocene occurs in Cores 1 through 3. Table 6 shows the stratigraphic distribution of the calcareous nannofossils from Hole 522.
Pleistocene
The sample from Section 522-1-1 represents the NN20 Gephyrocapsa oceanica Zone. This sample lacks Pseudoemiliania lacunosa and Emiliania huxleyi. The occurrence of P. lacunosa in the interval from Section 522-1-2 to Sample 522-3,CC assigns this interval to the NN19 P. lacunosa Zone. Sediments from the late Pliocene NN18 Discoaster brouweri Zone are intermixed with NN19 in this interval.
Pliocene
Discoaster brouweri is present in the sample from Section 522-4-1, which indicates the NN18 D. brouweri Zone. The interval from Section 522-4-3 to Sample 522-6,CC is NN16 D. surculus Zone in age. Very abundant D. surculus, D. brouweri, and D. pentaradiatus are found in this interval. D. tamalis has its last occurrence in the sample from Section 522-5-2. The early Pliocene NN15 Reticulofenestra pseudoumbilica Zone is found from Section 522-7-2 to Sample 522-8,CC. R. pseudoumbilica, the marker species for NN15, is very abundant throughout this interval. The only occurrence of Amaurolithus tricorniculatus characterizes the top of the NN14 D. asymmetricus Zone, which occurs in Section 522-9-1. The NN13 Ceratolithus rugosus Zone is present from Section 522-9-2 to 522-9-3. This interval is characterized by the occurrence of C. rugosus and absence of D. asymmetricus.
Miocene
The Miocene/Pliocene boundary is placed within the NN11 Discoaster quinqueramus/NNl2 Amaurolithus tricorniculatus Zone*, which is found in Sample 522-9,CC. The first occurrence of A. primus and A. delicatus define the base of the zone in Section 522-10-1. The NN11 D. quinqueramus Zone* is found in Section 522-10-3 after an indeterminate interval at 522-10-2. The first appearance of the secondary marker species, D. surculus, is encountered in Section 522-10-3. The interval from Sample 522-10,CC to Section 522-12-1 is barren of calcareous nannofossils, so that the lower limit of NN11 cannot be determined with certainty. The total range of Sphenolithus heteromorphus is used to define the NN3 S. belemnos/NN5 S. heteromorphus Zone* from Section 522-12-2 to Sample 522-13,CC. Similarly, the total range of D. druggi is used to define the NN2 D. druggi/NN3 S. belemnos Zone* from Section 522-14-1. The NN1 Triquetrorhabdulus carinatus Zone* is recognized by the absence of D. druggi and Oligocene species, such as Dictyococcites bisectus or D. scrippsae. This zone is found from Section 522-14-2 to 522-15-1.
Oligocene
The Oligocene/Miocene boundary is defined herein as the top of the NP25 Sphenolithus ciperoensis Zone*, which is recognized by the last occurrence of Dictyococcites bisectus. The extinction of S. distentus characterizes the top of the NP24 S. distentus Zone. The NP25 Zone covers the interval from Section 522-15-2 to 522-20-2. The concurrence of S. ciperoensis and S. distentus throughout the interval from Sample 522-20.CC to Section 522-22-3 restricts this section to the NP24 S. distentus Zone*. The occurrences of S. distentus above Sample 522-20,CC are considered reworked. The NP23 S. predistentus Zone* can be distinguished by the absence of S. ciperoensis and the last occurrence of Reüculofenestra umbilica at its base. This zone covers the interval from Sample 522-22,CC to Section 522-31-2. Two horizons of Braarudosphaera chalk were encountered in Cores 23 and 25. From Section 522-31-3 to 522-32-3 the NP22 Helicosphaera reticulata Zone is found. It contains R. umbilica. The NP21 Ericsonia subdisticha Zone is recognized from Sample 522-32,CC to Section 522-36-3. Coccolithus formosus has its last occurrence at the top of the NP21 Zone.
Eocene
The Eocene/Oligocene boundary is characterized by the last appearance of Discoaster saipanensis, which marks the top of the NP20 Sphenolithus pseudoradians Zone. This horizon occurs in Sample 522-36,CC. The NP20 Zone continues down to Sample 522-39,CC.
Hole 522A
Hole 522A was drilled on the Mid-Atlantic Ridge at 26°06.843'S, 05°07.784'W to recover a complete Oligocene/Eocene section for future paleomagnetic and paleontologic studies. The hole was drilled in 4441 m of water. Thirty-one hydraulic piston cores were taken continuously from early Miocene to basement. All samples contain a poorly preserved, very abundant calcareous nannoflora. The oldest calcareous nannofossil zone recognized is the NP20 Sphenolithus pseudoradians Zone, which correlates with Anomaly 16. This is in agreement with the paleomagnetic record, which determined the site to be on Anomaly 16. Two layers of Braarudosphaera chalk were encountered in the NP23 S. predistentus Zone. Table 7 shows the stratigraphic distribution of the calcareous nannofossils at Hole 552A. Most of the samples examined from this site were corecatcher samples.
Miocene
Sample 522A-1 ,CC is assigned to the NN6 Discoaster exilis Zone* on the basis of the occurrence of D. deflandrei. The interval from Sample 522A-2,CC to 522A-3-1, 20-21 cm, is assigned to the NN1 Triquetrorhabdulus carinatus Zone*, which is defined by the last occurrence of Coccolithus eopelagicus.
Oligocene
The extinction datum of Dictyococcites bisectus defines the top of the Oligocene. The presence of this species without Sphenolithus distentus from Sample 522A-3-1, 60-61 cm to 522A-4,CC indicates the NP25 S. ciperoensis Zone. The interval from Sample 522A-5,CC to 522A-9,CC is designated the NP24 S. distentus Zone on the basis of the occurrence of S. distentus. The very rare occurrences of S. distentus in the core-catcher samples from Cores 5 to 6 are considered reworked, which would lower the NP24/25 boundary to the corecatcher sample from Core 7. This is more in keeping with the interpretation of Hole 522. The first appearance of S. ciperoensis defines the top of the NP23 S. predistentus Zone. This species first appears in Sample 522A-9,CC. The NP23 zonal assignment continues from the core-catcher samples from Cores 10 to 18. Two Braarudosphaera chalk horizons were encountered in NP23 in Cores 11 and 12. The NP22 Helicosphaera reticulata Zone is characterized by the occurrence of Reüculofenestra umbilica. This form is seen in core-catcher samples from Cores 19 to 20. The last occurrence of Coccolithus formosus defines the top of the NP21 Ericsonia subdistcha Zone, which ranges from Sample 522A-22,CC to 522A-27,CC.
Eocene
The Eocene/Oligocene boundary is placed at Section 522A-28-1 on the basis of the extinction horizon of Discoaster saipanensis, which designates the top of the NP20 Sphenolithus pseudoradians Zone. This zone extends downward at least to Sample 522A-31.CC, the lowermost sample examined.
Hole 522B
Hole 522B was drilled on the Mid-Atlantic Ridge at 26°06.843'S, 05°07.784'W to recover basalt. It was drilled in 4441 m of water. Only three rotary cores were taken in sediments and three in basalt. The sediments contain a poorly preserved very abundant calcareous nannoflora. The sediments range in age from Oligocene to Eocene. The oldest nannofossil zone recovered is the NP20 Sphenolithus pseudoradians Zone, which is in agreement with the paleomagnetic pattern of Anomaly 16. Table 8 shows the distribution of calcareous nannofossils at Hole 522B.
Oligocene
The sample from Core 1 is assigned to the NP22 Helicosphaera reticulata Zone, which is characterized by the occurrence of Reüculofenestra umbilia without Coccolithus formosus.
Eocene
The next two cores, Cores 2 and 3, contain Discoaster saipanensis, which characterizes the late Eocene NP20 Sphenolithus pseudoradians Zone.
Hole 523
Hole 523 was drilled on the Mid-Atlantic Ridge at 28°33.131'S, 02°15.078'W in 4573 m of water. Fiftyone hydraulic piston cores were taken in 190.5 m of sediment. The calcareous nannoflora was moderately well preserved and very abundant. Sediments range in age from Pleistocene to Eocene. The site is located on Anomaly 21. The oldest sediment recovered represents the NP 15 Nannotetrina fulgens Zone*, which correlates with Anomaly 20. The apparent discrepancy results from the failure to recover sediment immediately above basalt. Two Braarudosphaera chalk horizons were cored Zone*. Table 9 shows the stratigraphic distribution of calcareous nannofossils at Hole 523.
Pleistocene
The samples from Sample 523-1,CC to Section 523-3-1 are assigned to the NN19 Pseudoemiliania lacunosa Zone. P. lacunosa is very abundant throughout this interval.
Pliocene
The NN18 Discoaster brouweri Zone occurs from Section 523-3-2 to Sample 523-3,CC. This zone is characterized by the occurrence of the nominate species. From Section 523-4-2 to 523-6-2, the D. surculus Zone is found, on the basis of the occurrence of D. surculus. D. tamalis has its last occurrence near the top of the zone. The occurrence of Reticulofenestra pseudoumblica defines the NN15 R. pseudoumbilica Zone. It occurs from Section 523-6-3 to 523-7-3. Sample 523-7,CC represents the NN14 D. asymmetricus Zone on the basis of the concurrence of D. asymmetricus and Amaurolithus tricorniculatus.
Miocene
The Miocene/Pliocene boundary is placed within the interval assigned to the NN11 Discoaster quinqueramus/NNl2 Amaurolithus tricorniculatus Zone* undifferentiated which is indicated by the absence of Ceratolithus rugosus and presence of A. delicatus. This zone is found from Section 523-8-1 to Sample 523-10,CC. The NN11 D. quinqueramus Zone is characterized by the occurrence of D. surculus without Amaurolithus spp. as seen in Section 523-11-1. The concurrence of D. deflandrei and D. brouweri in Section 523-11-2 indicates the NN4 Helicosphaera ampliaperta/NN6 D. exilis Zone. The NN1 Triquetrorhabdulus carinatus Zone is found from Section 523-11-3 to Sample 523-11 ,CC on the basis of the occurrence of Coccolithus eopelagicus without typical Oligocene species.
Oligocene
The Oligocene/Miocene boundary is placed within Section 523-12-1 on the occurrence of Dictyococcites bisectus, which defines the top of NP25 Sphenolithus ciperoensis Zone*. This zone continues down to Sample 523-14,CC. S. distentus, which is the marker species for the NP24 S. distentus Zone*, is found in Sample 523-15, CC. The last occurrence of S. pseudoradians defines the top of the NP23 S. predistentus Zone*, as seen in Sample 523-17,CC. The interval from Sample 523-17,CC to Section 523-24-1 is assigned to the NP23 Zone. Two Braarudosphaera chalk horizons were encountered in the NP23 Zone in Cores 18 and 19. The presence of Reticulofenestra umbilica from Sections 523-24-3 to 523-25-1 indicates the NP21 Helicosphaera reticulata Zone. The basal Oligocene NP21 Ericsonia subdisticha Zone is encountered from Section 523-25-2 to Sample 523-27,CC on the basis of the occurrence of Coccolithus formosus.
Eocene
The Eocene/Oligocene boundary is placed at the extinction datum of Discoaster saipanensis at Section 523-28-1. This species characterizes the NP20 Sphenolithus pseudoradians Zone, which continues down to Sample 523-28,CC, where 5. pseudoradians first occurs. The first appearance of Isthmolithus recurvus in Sample 523-29,CC indicates the NP 19 /. recurvus Zone. The NP 18 Chiasmolithus oamaruensis Zone* occurs from Section 523-30-1 to Sample 523-31,CC on the basis of the last occurrence of C. grandis in Section 523-32-1. The NP 17 D. saipanensis Zone* is characterized by the absence of C. solitus. This zone ranges from Section 523-32-1 to Sample 523-37,CC. The NP16Z>. tani nodifer Zone is found from Sections 523-38-1 to 523-42-2 on the basis of the occurrence of C. solitus and the absence of Nannotetrina fulgens. The location of the NP 15 N. fulgens/NP\6 D. tani nodifer Zone* boundary is impossible to determine because of. the absence of Rhabdolithus gladius, the extinction of which defines the boundary. Therefore, the last occurrence of N. fulgens is used to define the NP15/NP16 Zone* undifferentiated, which covers the interval from Section 523-42-3 to Sample 523-45,CC. A definite NP 15 AT. fulgens Zone* is found from Section 523-46-1 to Sample 523-50,CC on the basis of the occurrence of C. gigas.
Hole 524
Hole 524 was drilled on the Walvis Ridge at 29°2 9.055'S, 03°30.741 'E in 4796 m water. Thirty-nine rotary cores were taken in 348.5 m of sediment, and six were taken in basalt.
Coring was continuous below the top of the Paleocene. Most samples contain a poor to moderately well preserved, very abundant calcareous nannoflora. The sediments range in age from Late Cretaceous to early Eocene. The hole was drilled on a magnetic quiet zone of probable Turonian age. Since we did not drill to basement, the paleontology cannot be correlated with the paleomagnetic pattern. Table 10 shows the stratigraphic distribution of calcareous nannofossils from Hole 524.
Eocene
The sample from Core 1 encountered the NP 12 Tribrachiatus orthostylus Zone, which is characterized by the occurrence of T. orthostylus and Discoaster lodoensis. The samples from Core 2 are assigned to the NP 11 D. binodosus Zone because of the absence of D. lodoensis and D. multiradiatus. Core 3 contains D. multiradiatus and was assigned to the NN10 T. contortus Zone.
Paleocene
The Paleocene/Eocene boundary is placed between Sample 524-3,CC and Section 524-4-1. The extinction datum of Discoaster mohleri is used to define this boundary. The presence of Discoaster mohleri with D. multiradiatus indicates the NP9 D. multiradiatus Zone. This zone occurs in the interval from Section 524-4-1 to 524-5-4. The absence of D. multiradiatus defines the NP8 D. mohleri Zone*, which ranges from Section 524-5-5 to 524-6-3. The NP7 Heliolithus riedeli Zone* is characterized by the last occurrence of H. kleinpellii at its top and the first appearance of D. mohleri at its base. This zone is only identified in Sample 524-6,CC. The NP6 H. kleinpellii Zone occurs in Core 7 and is identified by the first appearance of H. kleinpellii at its base. The presence of Fasciculithus tympaniformis and the absence of H. kleinpellii characterize the NP5 F. tympaniformis Zone, as is seen from Section 524-8-1 to 524-10-4. The NP4 E. macellus Zone is defined by the absence of F. tympaniformis and the first appearance of E. macellus at its base. It is found from Section 524-10-5 to 524-11-6. The base of the next zone, the NP3 Chiasmolithus danicus Zone, is determined by the first appearance of the nominate species. This form first occurs in Section 524-17-4, and the zone ranges from Sample 524-11,CC to Section 524-17-4. The first appearance of Cruciplacolithus edwardsii is used herein to define the base of the NP2 C. edwardsii Zone*. This horizon is found in Sample 524-19,CC. The lowest Tertiary zone is the NP1 Markalius astroporus Zone. Its base is identified by the first appearance of Zygodiscus sigmoides. This zone occurs from Sample 524-20-1, 9-10 cm to 524-20-3, 106 cm. The Cretaceous/Tertiary boundary will be discussed in more detail below.
Cretaceous
Defining the Cretaceous/Tertiary boundary is very difficult because of a long section of mixed Maestrichtian and Danian calcareous nannofossils. Oxygen-isotope work by Hsü et al. (1982) on these samples indicates that the Cretaceous forms are in place and not reworked, as is the normal interpretation. This author decided to use the first occurrence of Zygodiscus sigmoides to define the Cretaceous/Tertiary boundary. This boundary agrees well with the iridium concentration horizon that occurs in Sample 524-20-3, 106 cm (Hsü et al., 1982) . The Micula mura Zone as herein defined has none of the typical Danian forms, such as Z. sigmoides, Thoracosphaera operculata, Markalius astroporus, Biantholithus sparsus, and Neochiastozygus concinnus. The base of the Micula mura Zone is characterized by the first occurrence of M. mura. This zone covers the interval from Sample 524-20-1, 108-109 cm to Section 524-26-5. It is interesting that Nephrolithus frequens, the zonal marker for the next zone (N. frequens Zone), occurs throughout this zone. The first occurrence of N. frequens is at Section 524-28-5. The interval from Sample 524-28.CC to 524-35,CC cannot be zoned because of poor preservation and a decrease in diversity. Therefore, the interval is assigned to the Nondiagnostic Zone on the basis of the occurrence of M. staurophora, which ranges from late Turonian to Maestrichtian.
Hole 524A
Hole 524A was drilled on the Walvis Ridge at 29°29.055'S, 03°30.741'E in 4805 m of water. Two rotary cores were taken in sediments that contain moderately well preserved, very abundant calcareous nanno-fossils. The sediments range in age from Eocene to Paleocene. Table 11 shows the stratigraphic distribution of the calcareous nannofossils from Hole 524A.
Eocene
The NP 10 Tribrachiatus contortus Zone* is found from Section 524A-1-1 to Section 524A-2-2 on the basis of the occurrence of Discoaster multiradiatus without Paleocene marker species.
Paleocene
The Paleocene/Eocene boundary occurs at Sample 524A-2,CC. This is the top of the NP9 Discoaster multiradiatus Zone*, which is defined by the occurrence of Fasciculithus involutus with D. multiradiatus.
Hole 524B
Hole 524B was drilled on the Walvis Ridge at 29°29.07'S, 03°30.7'E in 4805 m of water. Seven hydraulic piston cores were taken in sediments that contain a moderately well preserved, very abundant calcareous nannoflora. The sediments are early Eocene in age. Table 12 shows the stratigraphic distribution of the calcareous nannofossils at Hole 524B.
Eocene
Section 524B-1-1 is assigned to the early Eocene NP 13 Discoaster lodoensis Zone on the basis of the occurrence of D. lodoensis and the absence of Tribrachiatus orthostylus. The occurrence of these two species from Section 524B-1-2 to 524B-3-2 indicates the NP 12 T. orthostylus Zone. Apparently NP 11 is missing, because the next zone is the NP 10 T. contortus Zone*. NP 10* is distinguished by the occurrence of D. multiradiatus and the absence of Paleocene marker species and is identified from Section 524B-3-3 to Sample 524B-7, CC. Okada, H., and Bukry, D., 1980. Supplementary modification and in-Romein, A. J. T., 1979 . Lineages in early Paleogene calcareous nantroduction of code numbers to the low-latitude coccolith biostrati-noplankton. Utrecht Micropaleontol. Bull., 15:1-231. graphic zonation (Bukry, 1973; 1975 
